In this study, emulsifying properties of Angum gum were improved by covalent bonding with β-lactoglobulin (BLG). Angum gum is a natural gum exudate from mountain almond trees (Amygdalus scoparia Spach). Covalent linkage of β-lactoglobulin-Angum gum conjugate was confirmed using sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Emulsifying properties of emulsions containing β-lactoglobulin:Angum gum (1:1) conjugates were studied with the advancement of Maillard reaction. Dry-heating time showed no significant (p > 0.05) effect on the emulsion activity index; however, emulsion stability index were significantly increased over time and emulsion stability index of two weeks incubated β-lactoglobulin-Angum gum conjugate was significantly different (p < 0.05) from others (β-lactoglobulin-Angum gum mixture, 0, 2, 6 days, and 2 weeks). Moreover, the creaming index decreased with advancement of Maillard-type conjugation of β-lactoglobulin:Angum gum (1:1). β-lactoglobulin-Angum gum conjugates (1:1, 1:2, and 2:1) exhibited much better emulsification performance than Angum gum and gum Arabic alone at the same emulsifier/oil ratio (1.5 wt. % total biopolymer/ 40% v/v oil). In addition, assessing droplet size distribution during storage and freeze-thaw treatment revealed that β-lactoglobulin:Angum gum (1:1) conjugate had finer droplet size compared to other β-lactoglobulin/Angum gum mixing ratios (1:2 and 2:1), Angum gum and gum Arabic.
INTRODUCTION
Hydrocolloids are widely used in food systems as an emulsifying or stabilizing agent. During emulsification, protein is rapidly adsorbed at the surface of newly formed oil droplets and protected against destabilization mechanisms.
[1] But emulsifying properties of proteins can be poor under certain conditions due to the aggregation or precipitation phenomenon, resulting in the loss of electrostatic and steric behavior. This instability was found to be mostly occurring at pH values FUNCTIONAL 
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around the isoelectric point of protein and at high concentration of salts. [2] Therefore, it would be beneficial to create enhanced emulsifying properties under these unfavorable conditions. One way to improve the emulsifying properties of proteins in these conditions is complexation with hydrocolloids. In general, protein and hydrocolloid components may be combined together by either (1) covalent bonding (conjugates) or (2) electrostatic complexing. [3] The main advantage of covalent conjugates compared with electrostatic complexes is the stability of the covalent types under the influence of physiochemical properties of the system such as pH, ionic strength, and temperature. [4] These conjugates are usually produced by dry heat treatment via covalent bonding (achieved by the reaction of amino groups from proteins and carbonyl groups from hydrocolloids) without any chemicals [5] or using transglutaminase cross-linking. [6] Several researches have been performed to improve the emulsifying properties of protein (especially milk proteins) by conjugating with hydrocolloid because it is believed that this action enhances their emulsifying properties. [4,7−9] Also, some researchers have revealed that hydrocolloids in conjugation with proteins are known to be efficient emulsifiers. [10] Therefore, conjugates can be useful for industrial applications as natural emulsifiers. The most commonly recognized hydrocolloid emulsifier is gum Arabic (GA). GA is known as a natural protein-polysaccharide conjugate, and the protein fraction plays a crucial role in emulsion stabilizing properties of this gum, even though the overall proteinaceous content is approximately 2%. So, it should be used at a relatively high concentration so that it would be effective. [11] GA is an expensive ingredient, so it has been suggested to replace it by other novel hydrocolloids, complexes, or conjugates (for example, whey protein-maltodextrin conjugates). [7] Emulsifying properties of Angum gum (Ang) compared with GA is weaker that may be related to the lower protein content (unpublished data). Ang is a natural gum exudated from mountain almond trees (Amygdalus scoparia Spach). Ang is transparent, with different colors (white, yellow, yelloworange, orange-red, and red) and is mainly collected from southern and western areas of Iran. Ang is an anionic, acidic (e.g., pH of 0.5 wt. % Ang dispersion is 5.60 ± 0.05) hydrocolloid. Recently, Ang, due to its desirable functional properties and economic cost, has been attracted in Iran and local people use it as a functional ingredient for nutritional and medicinal applications. Ang contains water-soluble and water-insoluble parts (similar to GA) and has a part with more than 1180 kDa molecular weight in its structure. Recent studies revealed that its backbone is mainly consists of galactose:arabinose (1:2). [12−16] Therefore, improvement of emulsifying properties of Ang (due to its desirable functional properties and economic cost) could be to partially replace GA in food emulsions. In this study, β-lactoglobulin (BLG)-Ang conjugates were prepared by dry heat treatment and emulsifying properties of these conjugates were characterized by droplet size distribution during accelerated storage. Also, freeze-thaw stability and light microscopy were compared to native Ang and GA. In addition, Amadori and browning compounds formation with the progress of Maillardtype conjugation were monitored and emulsifying properties were measured.
MATERIALS AND METHODS
Materials
The Ang sample was separated and collected from Amygdalus scoparia Spach trees in Chenar-e Naz, Yazd province, Iran. Ang was sorted and lighter-color samples were selected in this research. Then, Ang was ground with hammer mill and sieved. In order to remove impurities, Ang was dissolved in deionized water with gentle stirring and then gum solution was stored at 4
• C for 48 h to complete hydration. Gum solution was filtered through a filter cloth. Then, the filtrate was frozen at -40
• C and lyophilized (Dena Vacuum, Iran). [17] Freeze-dried Ang was kept at 4
• C until the experiments were performed. Ang contained 8.55 ± 0.62% moisture, 0.69 ± 0.08% protein, 88.17 ± 0.23% total carbohydrate, and 2.59 ± 0.06% ash (within 0.17 ± 0.01% Mg 2+ , 0.90 ± 0.01% Ca 2+ , 0.14 ± 0.01% Na + , 0.07 ± 0.01% K + ). The BLG powder and GA were obtained from Davisco Foods International (Inc., Eden Prairie, MN) and Colloides Naturels International (Rouen, France), respectively. Soybean oil was purchased from a local supermarket. All other chemicals were of analytical grade and all samples were prepared with deionized water.
Preparation of BLG-Ang Conjugates
BLG and Ang were dry mixed at BLG/Ang (1:1, 1:2, and 2:1) weight mixing ratios. Mixed BLGAng was dissolved (10 wt. %) in deionized water under stirring and stored overnight at 4
• C. Then, the solutions were frozen at -40
• C and lyophilized (Dena Vacuum, Iran). Then, the BLG-Ang was incubated at 60
• C for a period of 1-14 days in desiccators containing saturated NaCl (to have 75% relative humidity). [8] After dry-heat treatment, in order to remove the absorbed water, conjugates were kept in vacuum-desiccator containing P 2 O 5 for one week. Then, the resultant BLG-Ang conjugates were stored at -20
• C prior to analysis.
Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) Analysis
Formation of BLG-Ang conjugates was confirmed by SDS-PAGE according to the method developed by Laemmli [18] using a 12 wt. % acrylamide separating gel (1M Tris-glycine buffer, pH = 6.8) and a 5 wt. % stacking gel (1.5M Tris-glycine buffer, pH = 8.8) containing 1 wt. % SDS. The BLG and BLG-Ang samples (5 mg pure protein) were dissolved in 1 mL deionized water. After heating protein solution for 5 min at 95
• C, 10 µl of mixtures was loaded in the gel slots. Then, gel was run at a constant current (200 V) for approximately 40 min in a Tris-glycine buffer (pH = 8.3) containing 0.5 wt. % SDS. Finally, gels were stained for proteins with 0.1% (W/V) Coomassie Brilliant Blue. [18] Determination of Amadori and Browning Compounds Formation Amadori and browning compounds formation was determined by the absorbance at 304 [19] and 420 nm, [20] respectively, using UV-visible spectrophotometer (UV2100, Unico, England) against BLG-Ang dry-mixed sample as the control. All BLG-Ang solutions (0.5 wt. % total biopolymer) were centrifuged at 3000 g for 10 min before absorbance measurements. To monitor Maillard reaction occurrence during dry-heating, BLG-Ang conjugate at 1:1 weight mixing ratio was selected. Samples were taken out from desiccator after 0 (after freeze-drying), 1, 2, 4, 6, and 7 days, and 2 weeks. Each value was the mean ± standard deviation of three independent experiments.
Creaming Stability of Emulsion
BLG-Ang mixture (Control) and conjugates (0, 1, 2, 4, 6, and 7 days and 2 weeks) at BLG:Ang (1:1) weight mixing ratio were dispersed in deionized water (0.5 wt. % total biopolymer). The solutions were stored at 4
• C overnight to be fully hydrated. Then, 12 mL of each solution was emulsified with 4 mL soybean oil using Ultra Turrax homogenizer (Ultra Turrax T18, IKA, Germany) at 12,000 rpm for 2 min. Afterward, 12 mL of each emulsion was poured into 15 mL falcon tube and stored at room temperature (20 ± 1
• C) for 180 min. The creaming index (CI) was assessed by determining the height of serum layer developed during storage (at 30 min intervals) in emulsion and calculated using the following equation: [21] CI (%) = Height of serum layer/Total height of emulsion × 100
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Measurement of Emulsifying Properties with the Advancement of Maillard Reaction
The emulsion activity index (EAI) and emulsion stability index (ESI) were determined by the modified method of Pearce and Kinsella. [6,22−24] Emulsions were prepared as follows; 4 mL of soybean oil and 12 mL of biopolymer solutions (0.25% w/v protein) in deionized water were homogenized using Ultra Turrax homogenizer (Ultra Turrax T18, IKA, Germany) at 12,000 rpm for 1 min. Then, 50 µl of emulsion was removed from the bottom of the container at 2 min intervals (0-10 min) and diluted with 5 mL of a 0.1% w/v SDS solution. The absorbance of the diluted emulsion was measured at 500 nm. The EAI was recorded from the absorbance measured at zero time using the following equation:
where, T (turbidity)= 2.303A/L, A is the absorbance at 0 min after emulsification, and L is the path length of the cuvette, is oil volume fraction and C refers to the protein concentration of sample. The ESI was determined as:
where, T 0 refers to turbidity at 0 min after emulsification, T denotes the change in turbidity between 0 and 10 min, and t is the time interval. All experiments were carried out in triplicate.
Emulsion Preparation and the Effect of Storage at Accelerated Condition and Freeze-Thaw Treatment on Droplet Size Distribution of Emulsions
Crude BLG-Ang conjugates without purification (removal of non-conjugated BLG) at BLG/Ang (1:1, 1:2, and 2:1) weight mixing ratios, Ang, and GA were separately added slowly to deionized water under gentle stirring. To prepare model oil in water emulsions (40% v/v), biopolymer solutions (total 1.5 wt. %) and soybean oil were homogenized by Ultra Turrax homogenizer (Ultra Turrax T18, IKA, Germany) at 12,000 rpm for 2 min. For the determination of emulsion stability, each emulsion was stored under accelerated storage conditions at 40 • C for 3 days. Moreover, other emulsion samples were frozen by placing them into a -18
• C freezer for 24 h to study the effect of freeze-thaw treatment. Afterward, samples were thawed in water-bath at 40
• C for 1 h. Static light scattering (Horiba, LA-930, Japan), equipped with 5 mW He/Ne (635 nm) laser beam, was employed to measure the droplet size distribution. The refractive indices of water and soybean oil were taken as 1.330 and 1.520, respectively. To avoid droplet flocculation, the emulsions were diluted (1:100) with 0.1% w/v SDS solution prior to analysis. Then, the emulsions were shacked to ensure the homogeneity of samples. The average droplet size was characterized by volume weighted mean diameter, d 43 , which is mostly sensitive to monitor flocculation and coalescence. The emulsion storage stability and freeze-thaw stability of emulsion were assessed by monitoring changes in droplet size distribution and mean droplet size of samples in comparison with the fresh emulsions.
Viscosity Measurements
The Apparent viscosity of emulsions was measured using a DV-II Brookfield viscometer (Brookfield RV, DVII, USA) equipped with a small sampler adaptor (spindle no. 21) at 25
• C. The cylindrical sample chamber was fitted into a flow jacket so that precise temperature control could be achieved using a water bath with appropriate temperature.
Microscopic Observation of Emulsion Droplets
Light microscope (Olympus Corporation, Japan) equipped with a digital camera was used to capture the microstructures of the emulsions. One droplet of diluted emulsion was placed between a microscopic slide and a cover slip and then photographed. Images were taken at a magnification of 400×.
Statistical Analysis
Data were analyzed using ANOVA procedure. Also, least significant differences (LSD) values were computed with significance defined at p < 0.05. All statistical analyses were performed using statistical program SAS (SAS Institute, 2003, version 9.1).
RESULTS AND DISCUSSION
SDS-PAGE Profiles of BLG-Ang Conjugates
As previously reported in the studies of other protein-polysaccharide systems, the formation of conjugates was confirmed with SDS-PAGE analysis (7, 8, and 25) . The SDS-PAGE profiles of native BLG, dry-heated BLG, and BLG-Ang conjugate at the weight mixing ratios of 1:1, 1:2, and 2:1 are shown in Fig. 1 . BLG band movement on SDS-PAGE analysis showed that the formation of stable BLG was covalently bound to Ang (Lane 2 compared to Lane 3, 5, 6, 7, and 8). By observing the beginning of gel slab, it can be said that high molecular components were formed after dryheat treatment. This trend can be clearly observed in Lane 4 for BLG:Ang (1:1) before treatment compared with further Lanes (5, 6, 7, and 8).
SDS-PAGE patterns were different with the progress of conjugate reaction from the first week to the second week (see Fig. 1 , Lanes 5 and 6). One band appeared near the boundary between the staking and the separating gel in all lanes. It can be related to changes in the pH of two gels and behavior of molecules during movement across the gel. It is interesting that the bands of BLG in all heat-treated samples were not completely vanished, indicating all BLG had not been conjugated to Ang under this reaction conditions. However, the decrease in BLG bands at Lane 7 was seen that related to higher Ang content was in this conjugate (BLG:Ang at 1:2 weight mixing ratio) and the lower un-reacted BLG was remained. Therefore, some un-reacted BLG molecules were still in all BLG-Ang conjugate samples.
Formation of Amadori and Browning Compounds
Reaction of BLG with Ang resulted in a visual increase in color with heating time, suggesting that some Maillard products were formed. Freeze-dried mixture of BLG-Ang was white, but the resulting conjugates, which were based on Ang content, were yellow to brownish in terms of color range. As shown in Fig. 2a , the formation of Amadori compounds was considerable after one day of incubation at 60
• C, possibly due to the accessibility of Ang carbonyl groups andamino groups of BLG. In addition, the maximum formation of Amadori compounds occurred after four days of incubation. However, decrease of Amadori compounds was observed between fourth and sixth days incubation at 60
• C. After six days of incubation, it started to decrease that related to the degradation of Amadori compounds was faster than their formation. Moreover, a part of Amadori compounds was converted to the browning compounds, as shown in Fig. 2b . These results are similar with those of Wang et al. [25] In addition, the increase in browning compounds of BLG-Ang conjugates were observed visually after 14 days. It was observed that the absorbance of BLG-Ang mixture of (1:1) after freeze-drying at 304 nm was low (0.017 ± 0.004). Moreover, in this case, the absorbance of browning compounds at 420 nm was negligible (0.001). These results show that freeze-drying of these biopolymers had a little effect on the formation of Amadori and no effect on the formation of browning compounds.
Emulsion Stability Measurement
CI of emulsions
In general, based on previous researches one or two polysaccharide molecules (on average) attached to each protein molecule. [10] Hence, to show the improvement in emulsifying properties of complexes after dry-heat treatment, CI of BLG-Ang (1:1) conjugates stabilized emulsions with the advancement of Maillard reaction (control, 0, 1, 2, 4, 6, and 7 days and 2 weeks) was measured. CI of BLG:Ang at 1:1 weight mixing ratio as a function of time has been measured and reported in Fig. 3 . CI was decreased by the advancement of Maillard-type conjugation of BLG:Ang and a good correlation was observed between the reaction advancement and CI. For better understanding, the final CI (after 180 min) of BLG:Ang conjugate emulsions was statistically compared at p < 0.05. Based on Fig. 4 , the final CI of the emulsion containing the 7 days and 2 weeks incubated conjugates was significantly different from emulsions containing other types of conjugates (i.e., control and emulsions containing conjugates incubated for 0, 1, 2, 4, and 6 days). However, there was no significant difference between CI of emulsions containing the 2-weeks and 7-days incubated conjugates.
Previously, Lillard et al. [21] demonstrated that CI of whey protein concentrate-dextran conjugate stabilized emulsion was improved with the progress of conjugation reaction. [21] However, it should be noted that if dry-heat treatment were prolonged for several weeks, the resulting products would become less soluble in aqueous solution and this could have a bad effect on emulsion stability. A small increase in CI of the emulsion containing freeze-dried conjugate without incubation (0 day) was observed in comparison of control emulsion (Fig. 4) . In addition, no significant difference was observed in emulsion CI's of conjugates with 1, 2, 4, and 6 days incubation (Fig. 4) . Morris et al. [26] reported that further heating (4 days) did not result in more reduction of free amino groups in sodium caseinate-maltodextrin mixtures. This suggests that the remaining lysine residues were unavailable for reaction. So, only moderate improvement in emulsification activity over the period of 1 to 4 days was identified. [26] 
Emulsifying properties of BLG-Ang conjugates
For the assessment of emulsifying properties of BLG-Ang conjugates, turbidimetry analysis at 500 nm was used. Turbidity at 0 min after emulsification reflected the emulsifying activity and after 10 min could be an indicator for emulsion stability. Emulsion stability of BLG-Ang complex (1:1) was enhanced continuously with the advancement of Maillard reaction until 2 weeks. However, emulsion activity was enhanced with the progress of the conjugation reaction up to 2 days and decreased after this time until 2 weeks (the end of reaction time in the experiment). It may be related to the covalent attachment of BLG to Ang because the high molecular weight product was formed with the advancement of Maillard reaction, resulting in the loss of BLG-Ang conjugate solubility and the lower diffuse velocity to oil in water interface during and after homogenization (Fig. 2b and Fig. 1-Lanes 4 to 6 ). In addition, this loss of emulsion activity was probably caused by the degradation of the Amadori compounds after 6 days and 2 weeks of incubation (Fig. 2a) .
To obtain better information on the emulsifying properties of BLG-Ang conjugates over time, EAI, and ESI were calculated ( Table 1) . Comparison of means showed that dry-heat treatment time (control, 0, 2, 7 days, and 2 weeks) had no significant effect on EAI. However, ESI was significantly increased over time until 2 weeks and ESI of 2-week incubated BLG-Ang conjugate was significantly different (p < 0.05) from other conjugates (control, 0, 2, and 7 days). In addition, there was no significant difference between ESI of control and 0 day conjugates and also 2 and 7 day-conjugates (p < 0.05). However, it should be noted that ESI of control and 0 day incubated conjugates was significantly different compared to 2-and 7-day incubated conjugates (Table 1 ). In general, it can be concluded that the initial stage of increasing the molecular weight has been shown to significantly increase the emulsion stability due to increasing the hydrophobic fraction which adsorbs on to the oil surface.
Effect of storage at accelerated condition and freeze-thaw treatment on droplet size distribution of BLG-Ang conjugate emulsion
The ability of BLG-Ang conjugates to form stable emulsions has been compared with native Ang and GA under the same conditions. Figure 5 shows droplet size distribution of prepared emulsions with BLG-Ang conjugates, Ang, and GA before (freshly emulsions) and after each treatment. Droplet size distribution curves showed that Ang and BLG-Ang conjugate had a different form of size distribution compared to GA. In fact, a wide range of droplet size was observed for GA stabilized emulsion. However, emulsions containing Ang and its conjugates had a sharper size distribution peak, showing the more homogenous size distribution in these samples. Therefore, the wide range of droplet size for GA emulsion maybe related to the extensive coalescence of droplets when there is insufficient GA present in the emulsion to stabilize all formed droplets during homogenization. Dickinson described that GA:oil ratio of approximately 1:1 wt. % was needed to produce fine emulsion droplets (d 43 < 1µm). [11] However, the amount of GA and soybean oil was 1.5 wt. % and 40% v/v in the present emulsion, respectively. Emulsion made with Ang showed bimodal droplet size distribution. In this case, viscosity of the emulsion was dramatically increased during homogenization; this maybe reduces the efficiency of homogenization process and result in the formation of some large oil droplets. Huang et al. previously showed this effect for xanthan gum emulsions. [27] Droplet size distribution of Ang and GA emulsions stored at high temperature (40
• C) was not obviously shifted toward the higher droplet size distribution. However, oiling-off was observed in Ang and GA emulsions after storage at accelerated conditions. On the other hand, BLG-Ang conjugates generated smaller droplet in emulsion than Ang or GA, and retained the droplet size almost as long as initial size during accelerated storage conditions. During 3-day storage at 40
• C, average droplet sizes of Ang, GA, BLG-Ang conjugates at 1:1, 1:2, and 2:1 weight mixing ratios were altered from 34.36 to 34.76 µm, 34.18 to 33.79 µm, 17.87 to 17.76 µm, 31.30 to 34.46 µm, and 25.07 to 24.52 µm, respectively. After freeze-thaw treatment, emulsion prepared with GA was broken down and oiling-off was observed. Therefore, the droplet size distribution curve is not shown in Fig. 5-5 . This is because of the low GA concentration that was insufficient to fully cover all the droplets, while this phenomenon was not observed in Ang and BLG-Ang conjugate stabilized emulsions. Nevertheless, mean and droplet size distribution of emulsions containing Ang and its conjugates was largely increased after freeze-thaw treatment. The average droplet size after freeze-thaw treatment of Ang, BLG-Ang conjugates at 1:1, 1:2, and 2:1 weight mixing ratios was increased from 34.36 to 80.96 µm, 17.87 to 57.49 µm, 31.30 to 100.45 µm, and 25.07 to 70.32 µm, respectively. Improvement in the emulsifying ability of BLG-Ang conjugates might be due to the adsorption of the protein moieties of conjugate and steric repulsion of polysaccharide moieties around the oil droplets.
Viscosity Measurements
Storage of biopolymer stabilized emulsions for several days resulted in the appearance of serum layer at the bottom of all emulsion containers, except in the Ang stabilized emulsion that was not creamed after storage at the accelerated storage. Therefore, to study the impact of the emulsions viscosity on creaming behavior, the apparent viscosity of biopolymer stabilized emulsions with the same biopolymer concentration and oil phase fraction was measured (Fig. 6) .
It seems that the viscosity of prepared emulsions had increased with increasing the amount of Ang content (i.e., Ang and BLG:Ang [2:1] stabilized emulsions had higher and lower viscosity compared the others, respectively). Therefore, the creaming behavior of emulsions was higher with decreasing the amount of Ang and BLG:Ang (2:1) was the higher creaming layer rather than other conjugate with different biopolymer weight mixing ratios. Based on SDS-PAGE analysis, it was expected that the amount of un-reacted BLG at BLG:Ang (2:1) weight mixing ratio was higher than the other ratios (1:1 and 1:2). Actually, mobility and diffusion of un-reacted BLG to oil-water interface are easier and influence the initial droplet size (the droplet formed with the smaller size) of the emulsion. However, the mean droplet size in BLG:Ang (2:1) was larger than BLG:Ang (1:1). It showed that usually, un-reacted proteins in protein-polysaccharide conjugates could affect emulsion stability and cause emulsion droplet flocculation. Hence, optimum BLG/Ang ratio was found to be around 1:1 in this experiment and effective or complete conjugation of BLG to Ang was achieved. Previously, Akhtar and Dickinson reported that the optimum ratio of whey protein-maltodextrin conjugates was 1:1 or 1:2. In addition, they stated that un-complexed whey protein was susceptible to precipitation at low pH in the presence of colorant. [7] Kato et al. showed that the best weight mixing ratio for the casein-dextran and galactomannan conjugates was 1:3.
[ 28] These results indicate that BLG:Ang (1:1) had emulsification potential and could form a protective film around oil droplets during homogenization and stabilize oil in water emulsion. Consequently, to overcome the problem of the creaming behavior of its emulsions, the thickening and/or viscofying agent can be used.
Microstructure of Emulsions
The comparative microstructure of Ang, GA, and BLG-Ang conjugates immediately after emulsion preparation is presented in Fig. 7 . The micrographs show that the oil droplet in GA emulsion was polydispersity that related to the coalescence of oil droplets previously discussed from GA droplet size distribution curve (the wide range droplet size distribution). As can be seen in Fig. 7 , emulsion prepared with BLG-Ang conjugates exhibited a lower initial oil droplet mean diameter compared to Ang. This indicates that emulsifying properties of Ang were improved with BLG conjugation. It can be observed that large droplets in emulsion containing Ang is rather than emulsions containing BLG-Ang conjugates and they were less homogeneous emulsions. That is in accordance with Fig. 5 . 
